Summary [3H]leucine was injected into the nodose ganglion of the rabbit following ipsilateral supranodose vagotomy to eliminate the vagal efferent fibers. Labeled materials were transported in afferent fibers of the vagus nerve at fast transport rates of 12 cm/day and slow transport of 3-5 cm/ day. In particular, axoplasm protein occupied about 40% of the highly labeled component of the slow transport, and the rate of this component was 1.8-2.5 cm/day. It was assumed that the highly labeled component was transported to the diaphragm region within at least 8 days and to the gastrointestinal region within 10 days.
The autoradiographic tracing method (LASEK et al., 1968 ) is important to clarify the pathways and terminals of vagal afferents in visceral organs. In the tracing method the more radiolabeled materials in organs that are transported, the more radioactivity in organs that is detectable. It is preferable to know the velocity of axonal transport of highly labeled materials in vagal afferent fibers after injection of labeled amino acid into the nodose ganglion. The rates of axonal transport of labeled proteins along the vagus nerve of the rabbit have been reported as follows: in motor fibers fast transport was about 40 cm/day and slow transport about 2.6 cm/day (SJOSTRAND, 1969 (SJOSTRAND, , 1970 , and in sensory fibers the former was 41.5 cm/day and the latter 2.4 cm/day (MCLEAN et al., 1976) . These rates of sensory fibers have been obtained without supranodose vagotomy. The vagus nerve is composed of 20% efferent fibers and 80% afferent fibers at the cervical gunk of the rabbit (EvANS and MURRAY, 1954) . Very little of the injected radiolabeled amino acid was taken up and incorporated into proteins by efferent fibers passing through the injected ganglia (CowAN et al., 1972; FIDONE et al., 1977) . However, Koenig et al. showed that axonal fibers had protein synthesizing capacity in vitro (KoENIG, M. SATO, K. YOSHIZAKI, and H. KOYANO 1967; FRANKEL and KOENIG, 1977) . Thus, in the autoradiographic study of vagal afferent innervation, it was considered that supranodose vagotomy was an effective treatment to degenerate the efferent fibers of cranial origin and to eliminate the uptake of labeled amino acid by efferent fibers as much as possible. The velocity of the transport along the vagus nerve was altered under various experimental conditions such as compression, nerve crush and regeneration in vivo (MCLEAN and SJOSTRAND, 1977) . It was presumed that the treatment of the supranodose vagotomy might also alter the velocity of the transport. The present study reports the rate of axonal transport in vagal afferent fibers under the condition of supranodose vagotomy. Adult rabbits (2.5-3.5 kg) were anesthetized with urethane (4 ml of a 25 aqueous solution/kg of body weight), and surgical procedures were performed under sterile conditions. The left vagus nerve was exposed and carefully sectioned centrally to the nodose ganglion. Following supranodose vagotomy the central portion of the vagus nerve was ligated.
[3H]leucine (L-[4, 5-3H]leucine; spec. act. 100-150 Ci/mmol, RRC Amersham, England) was concentrated by liophilization and resolubilized in Locke's solution (50-2OO j Ci/lO j l). Parafilm and cotton were positioned beneath the ipsilateral ganglion, and then 0.5-1.0 µl of the radioactive solution was injected into the ganglion with a 1 µl Terumo Microsyringe over a 1 min period. At various intervals (1, 2, 4, 6, 10, and 14 days) after injection the animals were sacrificed following reanesthetization. Vagus nerves with nodose ganglia attached were removed, desheathed and washed in an ice cold Locke's solution. The nerves were cut into 1-cm segments, which were then dissolved with a NCS solubilizer (Amersham, USA) in a scintillation vial for 2 h at 50°C. PPO-POPOP-toluene scintillator was added to each vial. Radioactivity of the samples was measured with an Aloka LSC-671 liquid scintillation spectrometer (Japan).
In rabbits surviving for 10 days after injection, the ipsilateral nerve at the diaphragm region contained high radioactivity, whereas the contralateral nerve had little (Table IA) . About 40% (230 x 103 dpm/643 x 103 dpm) of total labeled materials of the ipsilateral nerve tissue occurred as labeled supernatant protein, that is, axoplasm protein (Table 1B) . These data suggested that axoplasm protein was transported within the vagal afferent fibers but very little from the blood vascular system. To estimate rates of the transport of labeled materials, profiles of radioactivity along the ipsilateral nerve were made on each of the animals surviving for various periods and comparison was made among these profiles. One difficulty in making direct comparison among the profiles arises from the fact that the amounts of [3H]leucine applied to the ganglia were not always the same among the experimental animals. The radioactivity along the nerve from the animals was normalized as described below. Radioactivity of all segments of the nerve from each animal was multiplied with an individual factor, a ratio of the radioactivity of the ganglion from each of the animals surviving for various periods to that of animals surviving for 1 day. The normalized radioactivity is shown in Fig. 1 difference in the level of radioactivity of fast and slow transport. In spite of this difference, the distance from the ganglion to both the wave front and shoulder of the slow transport had a linear relationship proportional to surviving periods after injection. The distance from the ganglion to the wave front of the fast transport in 1 day was 12 cm. The rate of fast transport was calculated as 12 cm/day. That of the slow transport was calculated as 4 cm/day in 1 day, 5 cm/day in 2 days, and 3.3 cm/ day in 4 days and highly labeled components of the slow transport as 2.5 cm/day in 2 days, 1.8 cm/day in 4 days, and 1.9 cm/day in 6 days. Fourteen days just displayed a highly labeled component. The slow rate of 3-5 cm/day is relatively close to that of 2.4 cm/day in the in vivo experiment without the vagotomy reported by MCLEAN et al. (1976) , while the fast rate of 12 cm/day is lower than that of 41.5 cm/day reported by them. It was Vol. 36, No. 1, 1986 Table   1 . The radioactivity of the vagus nerve at the diaphragm region from rabbits surviving for 10 days after injection. Fig. 1 . Distribution of radioactivity along the vagus nerve at various intervals after injection of [3H]leucine into the nodose ganglion following supranodose vagotomy. The abscissa gives distance (cm) of the vagus nerve (N) from the caudal pole of the nodose ganglion (G) to the diaphragm (Dia). Normalized radioactivity as described in the text is shown logarithmically on the ordinate, with most scales only partly represented. One day experiment using two animals demonstrated an almost identical transport pattern, therefore only one of them is shown as A. The wave front (arrow a) of radioactivity in A shows the start of the fast axonal transport and the wave front (arrow b) of radioactivity in A, B, and C shows the start of slow axonal transport, and the wave shoulder (arrow c) in B, C, and D is the start of the highly labeled component of the slow axonal transport. The distance from the ganglion to "arrow a" in A is 12 cm. The rate of the fast transport is calculated as 12 cm/day. That of the slow axonal transport is calculated as 4 cm/day in A, 5 cm/day in B, and 3.3 cm/day in C, and the highly labeled component is 2.5 cm/day in B, 1.8 cm/day in C, and 1.9 cm/day in D. E just shows a highly labeled component following c.
RABBIT VAGAL AFFERENT FIBERS 229 considered that the reduction in the fast rate was due to the supranodose vagotomy which might decrease activity of energy metabolism of the ganglion and nerve. In fact, following supranodose vagotomy the color of the surface of the ganglion changed from light red to pale red (data not shown). It is judged that the blood supply to the ganglion from the central portion of the vagus nerve was diminished. On initiation of anoxia by replacing 02 with Nz or by using CN to block the oxidative metabolism, the fast transport fails within 15 min (Ocxs and HOLLINGSW0RTH, 1971; OCHS, 1974) , in other words, the fast transport needs ATP as energy. ATP is utilized by a calmodulin-activated Cat +-, Mgt +-ATPase present on side arms of microtubules which participate in the fast transport, (OCHs and IQBAL, 1980) . On the other hand, the mechanism of the slow transport has not been clear. The present study showed that the slow transport rate was not reduced by the supranodose vagotomy. This suggests that slow transport machinery, unlike that of fast transport, may not be directly influenced by a decrease in the oxygen supply. Also the supranodose vagotomy may cause disappearance of trophical interaction between the ganglion cells and brain stem cells. It is concluded that about 40% of the highly labeled component of the slow transport was axoplasm protein transported by vagal afferent fibers to the diaphragm region within at least 8 days and to the gastrointestinal region within 10 days. The present study suggests that the autoradiographic tracing method makes it possible to study the pattern of the vagal afferent innervation to viscera and the supposed physiological function of the afferent fibers.
